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Data were obtained over t he  angular  range 1. Neutron-hole t r a n s i t i o n s  
from 18' t o  56' wi th  a self-supported 23.3 mg/cm2 Microscopic model ca l cu l a t i ons  have been 
target1) wi th  2 0 7 ~ b  enriched t o  99.8%. With t he  made by Love f o r  t he  measured cross  sec t ions4)  f o r  
QDDM spectrograph and h e l i c a l  wire  and s c i n t i l l a t o r  t he  neutron-hole t r a n s i t i o n s  t o  t he  f i r s t  4 exc i t ed  
de t ec t ion  system,2) an o v e r a l l  r e so lu t ion  of  90 keV s t a t e s .  A new r e a l i s t i c  three-Yukawa ( M ~ Y ) ~  N-N 
was obtained.  A l l  peaks were ca re fu l ly  s t r i pped  i n t e r a c t i o n  was used f o r  t he  "valence" con t r ibu-  
with a re ference  peak shape f i t t e d  t o  t he  experi-  t i ons  which inc ludes  odd and even s t a t e s ,  non- 
mental e l a s t i c  peak shape from each run, using the  c e n t r a l  p a r t s  and knock-on exchange. The r e s u l t s  
i n t e r a c t i v e  program on the  SEL computer i n  t h e  ORIC of these  M3Y ca l cu l a t i ons  a r e  shown ( ~ i g u r e s  1 and 
~ a b o r a t o r ~ . ~ )  The background f e a t u r e  was used t o  2) f o r  t he  J=2 t r a n s i t i o n s  wi th  c o l l e c t i v e  core 
"draw-in" long t a i l s  on each s i d e  of t he  main po la r i za t ion  s t r e n g t h  equal  t o  t he  e lec t romagnet ic  
re ference  peak through the  da t a  po in t s ,  between values.6)  The o v e r a l l  f i t  t o  t h e  d a t a  is  good f o r  
low exc i t ed  s t a t e s  on the  low energy s i d e .  the  s t a t e  a t  0.570 MeV and good f o r  t h e  0.898 MeV 
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s t a t e  out  t o  45 degrees, bu t  a t  l a r g e r  angles  the 
M3Y i n t e r a c t i o n  produces too much valence cross  
s e c t i o n  f o r  t h i s  s t a t e  a t  0.898 MeV. 
The microscopic ca l cu l a t i ons  f o r  J=4 and 
537 t r a n s f e r s  (Figures 3 and 4) assumed c o l l e c t i v e  
core po la r i za t ions  t o  be t he  same a s  f o r  our  pre- 
vious experiment6) a t  61 MeV. For these  h igher  
angular  momentum t r a n s f e r s  J, t h i s  M3Y i n t e r a c t i o n  
produces too l i t t l e  valence cross  s ec t ion  a t  
smal ler  angles and too much valence cross  s e c t i o n  
a t  l a r g e r  angles.  
The c o l l e c t i v e  core po la r i za t ion  contribu- 
t i o n s  included in a l l  t he se  microscopic ca l cu l a t i ons  
d id  n o t  have deformed sp in-orbi t  (DSO) cont r ibut ions ,  
bu t  both  r e a l  and imaginary p o t e n t i a l s  were deformed. 
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The p r i n c i p a l  e f f e c t  of  i nc lus ion  of t h i s  DSO con- 
t r i b u t i o n  i n  t he  c o l l e c t i v e  model a t  135 MeV is t o  
increase  t he  cross  s ec t ion  a t  l a r g e r  angles and 
" f i l l  in" t he  minima, a s  demonstrated f o r  t he  3- 
doublet  a t  2.64 MeV (Fig. 5 ) .  We have found 
s i m i l a r  magnitude e f f e c t s  f o r  t h e  angular  momentum 
t r a n s f e r s  corresponding t o  those f o r  t he  neutron- 
hole  s t a t e s .  With DSO i n  t h e  c o l l e c t i v e  core con- 
t r i b u t i o n s  of t he  microscopic ca l cu l a t i ons ,  the  
o v e r a l l  c ross  s ec t ion  a t  l a r g e r  angles would then 
be even h igher  than the  measured values and the  
need f o r  a d i f f e r e n t  i n t e r a c t i o n  would be even 
more marked i n  order  t o  produce smal ler  valence 
cont r ibut ions  a t  l a r g e r  angles and l a r g e r  valence 
cont r ibut ions  a t  smal ler  angles. It appears t h a t  
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a longer range fo rce  may be requi red  o r  a  dens i ty  
dependent i n t e r a c t i o n  may be  more appropr ia te .  
Microscopic ca l cu l a t i ons  w i th  t h i s  M3Y 
i n t e r a c t i o n  a r e  i n  progress  f o r  our e a r l i e r  da t a  a t  
61  MeV, from which we can then determine i f  t he  
core coupling parameters AL continue t o  change a s  
r ap id ly  wi th  p r o j e c t i l e  energy from 61 MeV t o  135 
MeV as they did6) from 20 MeV t o  61  MeV. 
2. The t r a n s i t i o n  t o  t he  doublet  a t  2.64 MeV 
and a t e s t  of  t he  DWIA 
This doublet  centered a t  2.64 MeV r e s u l t s  
from the  coupling of  a  3~112 neutron-hole t o  t he  
3' core e x c i t a t i o n  of 2 0 8 ~ b .  We were unable t o  
r e so lve  t h i s  doublet  w i th  our  o v e r a l l  r e so lu t ion  
of 90 keV. The measured cross  s e c t i o n  f o r  t h i s  
doublet  is compared wi th  a c o l l e c t i v e  ca l cu l a t i on  
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using equal  va lues  of  t he  c e n t r a l  and DSO defor- 
mation parameters of 0.10 (Fig. 5 ) ,  which a r e  t he  
same a s  those  requi red  a t  6 1  MeV f o r  t h i s  doublet .  
A f u l l y  microscopic DWIA ca l cu l a t i on  (Fig. 6) 
used a complex e f f e c t i v e  l o c a l  i n t e r a c t i o n  (G3Y) 
derived from the  nucleon-nucleon phase s h i f t s  
together  with t he  wave funct ions  of  Ring and 
speth7) f o r  t he  octupole s t a t e  i n  2 0 8 ~ b  a t  2.614 
MeV. Cent ra l  and sp in-orbi t  terms were used i n  
t h i s  e f f e c t i v e  i n t e r a c t i o n  and knock-on exchange 
was included.  Coulomb e x c i t a t i o n  was included 
"macroscopically .I1 The use of t he se  wave funct ions  
is  j u s t i f i e d  because the  c ros s  s e c t i o n  f o r  t h i s  
unresolved doublet  a t  2.64 MeV i n  2 0 7 ~ b  is  essen- 
t i a l l y  i d e n t i c a l  i n  magnitude t o  t h a t  f o r  t he  3' 
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l e v e l  i n  2 0 8 ~ b  a t  2.61 MeV a t  a number of  pro- 
j e c t i l e  ene rg i e s  .6) These completely microscopic 
(and unadjusted) DWIA ca l cu l a t i ons  (Fig. 6 ) ,  with 
'lmacroscopic" Coulomb e x c i t a t i o n ,  y i e l d  an o v e r a l l  
magnitude i n  q u i t e  reasonable agreement w i th  t he  
measured cross  s ec t ion ,  and the  shape i s  f a i r l y  
we l l  described except  f o r  t he  minimum near  20 
degrees. The inc lus ion  of t he  sp in  o r b i t  cont r i -  
but ion  improves t he  agreement f o r  angles beyond 
30 degrees, b u t  t he  deep minimum near  20 degrees 
is  s t i l l  no t  explained by t h i s  DWIA ca l cu l a t i on .  
The f u l l y  c o l l e c t i v e  ca l cu l a t i ons ,  inc luding  
DSO, descr ibe  t h i s  measured cross  s ec t ion  very 
we l l  (Fig. 5 ) ,  inc luding  the  shape and the  deep 
minimum near  20'. These ca l cu l a t i ons  w i th  DSO 
deformation parameter equal  t o  t he  c e n t r a l  parameter 
of 0.10 c l e a r l y  f i t  t he  measured shape a t  a l l  angles 
much b e t t e r  than wi th  a zero value of t h i s  DSO 
parameter. 
The r a t i o  of t he  i n t eg ra t ed  cross  s ec t ion  
f o r  t h e  r e a l  p o t e n t i a l  t o  t h a t  f o r  t he  imaginary 
p o t e n t i a l  is 1.14 f o r  t h i s  DWIA f u l l y  microscopic 
ca l cu l a t i on ,  bu t  5.0 f o r  t h i s  c o l l e c t i v e  calcula-  
t i o n  wi th  deformation parameters equal  t o  0.10. 
Real and imaginary p a r t s  of t he  i n t e r a c t i o n  y i e l d  
cross  s ec t ions  of nea r ly  t h e  same shape i n  t he  
DWIA, bu t  t he  r e a l  p a r t  of  t he  c o l l e c t i v e  form 
f a c t o r  is  q u i t e  d i f f e r e n t  from t h a t  of t he  col lec-  
t i v e  imaginary term. 
The o v e r a l l  shape and magnitude of t he  spin- 
o r b i t  p a r t i a l  c ross  s ec t ion  from these  f u l l y  
microscopic ca l cu l a t i ons  a r e  su rp r i s ing ly  c lo se  
t o  both the  shape and magnitude of t he  c o l l e c t i v e  
DSO p a r t i a l  c ross  s ec t ion  (Fig. 7) which is in-  
cluded i n  the  t o t a l l y  c o l l e c t i v e  ca l cu l a t i on  of 
Fig. 5 wi th  = 0.10. This microscopic DWIA 
sp in-orbi t  c a l cu l a t i on  appears t o  account f o r  t h i s  
empir ica l ly  determined c o l l e c t i v e  DSO cross  s ec t ion .  
An a r t i c l e  on t h i s  t e s t  of t he  DWIA has been 
published. 8, 
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